INTRODUCTION
The present day orthodontist cannot effectively treat all types of malocclusions and facial disharmonies v/ithout the cooperation of the maxillofacial surgeon. Specifically, problems such as skeletal Class II and Class III discrepancies, open bites, facial asymmetries and long face syndrome 35 often require a combined surgical orthodontic treatment.
Traditionally, the majority of the corrective surgery for maxillofacial disharmonies has been performed in the mandible which often resulted in relapse due to nonstability of altered neuromuscular physio- 21 26 27 logy.' , t·rn recent years, maxillary surgical procedures have become popular for effecting more stable and desirable results: 8 ,22,23,24 However, many questions regarding the bio199ic basis of total or segmental maxillary osteotomy are still unanswered. Bell and his co-workers;'s in studies using rhesus monkeys as an experimental model, investigated the revascularization and bone healing associated with various maxillary osteotomy procedures. They found a rapid revascularization of bone and teeth with minimal osteonecrosis and ischaemia. They also showed that at the osteotomy site, osseous healing took place within six weeks. This finding was contrary to the popular belief at the time, that after osteotomy, maxilla healed by fibrous union.
Young and Epker 36 and Stoker and Epker;3 evaluated the sinus health, patient acceptance and relapse in patients who had undergone anterior and posterior maxillary osteotomies. They reported very favorable results and maintained that the relapse during the post surgical period was minimal.
-1-However, in spite of the increasing use of maxillary osteotomy procedures, no study was found in the literature which had made an attempt to investigate their long term stability and other, if any, adaptive changes in the dentofacial complex. The present study was designed to evaluate the post-surgical changes in Macaca irus monkeys after total maxillary osteotomies. The study focused primarily on the following questions:
1. How stable is the new position of the maxilla?
2. What;s the nature of maxillary healing?
3. Do teeth continue to erupt into the "increased" interocclusal space?
4. What bony changes occur when mandible is forced to function in a new position?
- A single-stage total maxillary osteotomy (Fig. 2) on the three experimental animals was started with a horizontal incision through the mucoperiosteum extending from one tuberosity to the other. The posterior osteotomy was gained by extraction of second or thtrd molars. The inferior aspect of the osteotomy was 'started from above the apices , of the teeth and extended superiorly 5 mm. A mallet and chisel were then utilized to complete the osteotomy of the lateral nasal walls and nasal septum. The entire maxilla was then down-fractured manually.
Additional bone was removed with a rongeurs from the nasal septum, posterior and medial walls of the maxillary sinus and the lateral nasal wall until the maxilla could be impacted the required 5 mm. Prior to the fixation, the occlusion was carefully checked and if needed, the maxillary position was slightly adjusted to attain maximal intercuspation.
Interosseous wires were used to stabilize the maxilla in the new position.
The wires were attached bilaterally at the zygomatic buttress and piriform aperture. The wounds were closed with 000 silk suture. No intermaxillary fixation was employed. The animals were returned to the recovery room awake with the nasotracheal tube in place.
Lateral cephalograms were taken in a specially constructed cephalostat so that the head position could be accurately duplicated. The monkeys had serial cephalometric x-rays taken before and after implant placement, prior The left mandible of all monkeys and the maxillae of the remaining one control and one experimental monkeys~/ere embedded in 8io-plastic. As part of another study, non-decalcified sections, 80-100 m thick, will be cut with a Bronwill thin sectioning machine and examined under a fluorescence microscope.
-6-
RESULTS
The animals tolerated the surgical procedure without any major post-operative complication. For six days post-surgically, they were given long-lasting penicillin (Distrycillin-procaine penicillin, 4000,000 units; dihydrostreptomycin, 0.5 gm.). One animal, however developed a nasal infection with congested breathing. The infection responded well to antibiotic therapy and was cleared up in ten days.
The animals generally continued to eat normally after surgery and their initial weights of 3-4 kg remained stable. For ten days postsurgically the monkey chow was soaked in water before feeding.
The maxillae were mobile upon examination for three to four weeks, but after six to eight weeks there seemed to be a solid union of the osteotomized bones. Radiographically, there was evidence of primary bone bridging after one month and the surgical site was radiopaque at three months post-operatively.
The lateral cephalograms from immediately before and after surgery were traced and superimposed on anterior cranial base structures and cranial 'implants (Figs. 6,7 and 8). Measurements of the surgical changes were recorded, and appear in Table I Table II .
After maxillary impaction, any repositioning of the teeth during the post-surgical period was also analyzed. Tracings of the maxilla and mandible were superimposed on their implants (Figs. 10, 11 and 12) and changes in the position of the teeth in horizontal and vertical directions were recorded (Table III) .
Cephalometric Findings. Control Animals: During a 160 day period, the control animals showed very little change. The maxilla and mandible moved downward and forward less than one mm. The teeth showed slight amounts of extrusion and anterior migration in the bone (Table III) .
Experimental Animals: The maxilla was impacted 5 to 7 mm. in the experimental animals. This was accompanied by a decrease in facial height, a flattening of the mandibular plane angle and a more anterior positioning of the mandible relative to the maxilla. These measurements were all taken with the teeth in occlusion.
During the five month post-operative period, very small amounts of cephalometric change were observed. The maxilla did not relapse downward in any of the animals. In fact, all experimental monkeys -8- showed some slight superior repositioning of the maxilla. Mandibular implants all showed less than 1 mm. of positional change.
The mandibular plane angle also showed no sign of steepening, which was consistent with the finding of no do\·/nward maxillary relapse.
No consistent pattern of tooth movement after surgery could be deter- 13 and 14). Similarly, the nasal septum, the cellular lining of maxillary sinus and midfacial sutures all appeared normal.
The periodontium of the maxillary teeth of the experimental monkeys showed no evidence of any histopathologic change, except in two monkeys where root resorption was noted at the maxillary canine apices (Fig. 15 ).
Since maxillary osteotomy in the present study involved 5 to 7 mm.
of superior impaction of the maxilla, a careful analysis of temporomandibular articulation of all monkeys was performed. could not be differentiated from normal growth. In these studies the mandible was brought forward, which restricted certain mov·ements of the mandible. In the present study the mandible was unrestrained but was forced to overclose in a counterclockwise f~shton Qnly during functional movements. This was probably the main cause of atrophic temporomandibular joint changes found in the present study. The changes seen in the condylar region of the experimental animals were the most bewildering. As compared to controls, the cartilage appeared atrophic and showed considerable aging. Contrary to the b·el i ef that increased functi on wi 11 cause stimul atory growth 9 ., 1 0 , 2 5 , 3 1+ of the condyle, the zone of bone replacement of cartilage showed mostly mature bone and lack of marrow spaces. Since the animals in the present study were not histologically examined at a short duration after the surgery, it is difficult to speculate the sequence of changes which might have occurred prior to the histologic picture seen five months after surgery_ Since the changes were not limited to cartilage only, they can not be summarily dismissed as due to normal aging process.
The results of the present study indicate that although experi- 
SUMMARY AND CONCLUSION
Five Macaca irus monkeys were used in this study to determine cephalometric and histologic changes after total maxillary impactions.
In the three experimental animals, the maxilla was impacted 5-7 mm., and lateral cephalograms were taken over a 150 day period. By superimposing on craniofacial implants, osseous and dental changes were measured. Excellent skeletal stability was demonstrated during the post-operative period.
Histologically, there was normal osseous healing of th~osteotomized maxillae. Accompanying the counterclockwise rotation (overclosure) of the mandible, there was extensive change in the temporomandibular joint.
In the experimental monkeys, the fibrous articular covering of the temporal fossa was thin and irregular. The condylar cartilage appeared atrophic and showed considerable aging. Also) the articular disc was much thicker in the experimental animals.
The study showed the total maxillary osteotomy to be a stable procedure Interrupted lines represent the cephalograms taken 150 days after surgery.
Very,sm~ll qmounts of skeletal change, mandibular growth and random tooth movement can be seen. 
